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1

SEGMENTED RING FOR INSTALLATION IN
A TURBOMACHINE

TECHNICAL FIELD

The present invention relates to a segmented ring for
installation 1n a turbomachine.

BACKGROUND INFORMATION

The turbomachine may be, for example, a jet engine, such
as a turbofan engine. The turbomachine i1s functionally
divided into a compressor, a combustor and a turbine. In the
case of the jet engine, for example, intake air 1s compressed
by the compressor and mixed and burned with jet fuel 1n the
downstream combustor. The resulting hot gas, a mixture of
combustion gas and air, flows through the downstream
turbine and 1s expanded therein. The turbine i1s typically
divided into several modules; 1.e., it may include, for
example, a high-pressure turbine module and a low-pressure
turbine module. Each of the turbine modules typically
includes a plurality of stages, each stage being composed of
a stator vane ring and a rotor blade ring downstream thereof.

The segmented ring 1n question 1s intended for installation
in a turbomachine, for example 1n a turbine module. It may
be mounted, for example, to a casing part and then carry a
jacket ring segment disposed radially inwardly on the casing
part. Such a jacket ring segment radially outwardly bounds
the gas duct at the axial position of a rotor blade ring and
may be provided radially inwardly with a sealing system or
an abradable coating. This 1s intended to illustrate the
present subject matter or a preferred application thereof, but
initially not to limit the generality thereof (the segmented
ring may also perform another mounting function in the
turbomachine).

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a
particularly advantageous segmented ring.

The present 1nvention provides a segmented ring that 1s
adapted for installation or assembly from inside radially
outward and for this purpose 1s circumierentially divided
into segments. To reduce leakage, a sealing insert 1s inserted
at a joint where two immediately circumierentially adjacent
segments meet. To this end, each of the two segments has
tormed therein a pocket which 1s open toward the joint and
in which the sealing insert 1s seated. The sealing insert is
axially retained 1n the pockets and bridges the joint, and thus
blocks clearance tlows and increases tightness.

Furthermore, one of the mutually facing pockets 1s not
only open toward the joint, but also 1n a radial direction. This
1s advantageous with respect to radial assembly of the
segmented ring, i particular complete and/or closed seg-
mented ring, since the corresponding segmented ring can be
slid radially onto the sealing imsert without requiring a
simultaneous displacement 1n a non-radial direction and/or
an axial direction for this purpose and/or in particular for
providing the complete and/or closed segmented ring. The
segmentation and the assembly from radially 1nside open up
interesting mounting possibilities on the one hand, and since
a joint formed between two segments 1s thereby additionally
sealed, 1t 1s on the other hand nevertheless possible to limit
possible leakage. Due to the inventive design of the pockets,
the joint can be closed by a sealing insert, which provides
cllicient sealing while still allowing assembly from radially
inside.
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2

Preferred embodiments will be apparent from the depen-
dent claims and the entire disclosure. In the description of
the features, a distinction 1s not always drawn specifically
between device, method and use aspects. In any case, the
disclosure should be read to imply all claim categories. In
particular, 1t should always be read as relating to both the
segmented ring and an assembly or module having such a
segmented ring, as well as to corresponding uses.

In the context of the present disclosure, “axial” generally
relates to the ring axis of the segmented ring. In the 1nstalled
state; 1.e., when 1nstalled in the turbomachine or a module
thereol, the ring axis typically coincides with the longitu-
dinal axis of the turbomachine or the axis or rotation about
which the rotor blade rings rotate. “Radial” refers to the
radial directions that are perpendicular to the ring axis or
longitudinal axis and point away therefrom; and a “‘circum-
ference,” respectively “circumierential” or the “circumier-
ential direction” relate to the rotation about the axis. “For-
ward” and “rearward” relate to the axial component of the
direction of flow of the hot gas. Thus, the hot gas axially
passes “forward” components before 1t passes “rearward”
components. In the context of the present disclosure, “a” and
“an” are to be read as indefinite articles and thus always also
as “at least one,” unless expressly stated otherwise. Refer-
ence 1s primarily made to “a” joint and the pocket, which 1s
radially open there. Overall, there 1s a plurality or multi-
plicity of joints around the circumierence; and preferably, a
sealing insert 1s disposed at each of the joints. In principle,
this could also be achieved with pockets which are only
circumierentially open at the other joints (the segment
having the radially open pocket 1s positioned last), but
preferably every one of the sealing inserts of the segmented
ring 1s disposed 1n a respective radially open pocket.

The segmented ring; 1.e., its segments, may be produced,
for example, by turning and milling from a forged ring.
However, the segments may also be cast parts (1n conjunc-
tion with subsequent machining of the functional surfaces).
Finally, additive manufacturing may also be used; 1.e., the
segmented ring or the segments may be additively built up
layer by layer from a previously amorphous or shape-neutral
material. The pockets may be taken into account already
during the 1nitial shaping process, but may also be formed by
a material-removal process, such as, for example, by elec-
trical discharge machining (spark machining).

The radially open pocket allows the corresponding seg-
ment to be slid radially onto the sealing insert. To this end,
the pocket 1s oriented 1n the insertion direction 1n which the
segment(s) are assembled. The msertion direction may gen-
crally also have an axial component (for example, when
viewed 1n an axial section, 1t may be tilted from the radial
direction by more than 30°); preferably, 1t 1s perpendicular
to the axial direction. The radially open pocket could in
principle also be open radially inwardly (and closed radially
outwardly). During assembly, this segment would then be
positioned first, and the other segment would subsequently
be positioned together with the sealing insert which, i this
process, would be disposed 1n the closed pocket thereotf and
would slide 1nto the radially inwardly open pocket.

However, 1n a preferred embodiment, the radially open
pocket 1s radially outwardly open and radially inwardly
closed. Accordingly, the segment having this pocket can be
slid from radially inside onto the sealing insert, which 1s
already positioned 1n the pocket of the other segment. Unlike
with a radially mnwardly open pocket, 1n the installed state,
the sealing imsert 1s then secured from falling out radially
inwardly and radially outwardly because the open pocket 1s
oriented toward the casing wall.
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In a preferred embodiment, the radially closed pocket 1s
closed both radially inwardly and radially outwardly. Thus,
preferably, the radially open pocket 1s open 1n exactly one
radial direction, preferably radially outwardly, and the other
pocket 1s closed 1n both radial directions. Thus, the sealing
insert 1s already substantially captively retained 1in the closed
pocket before the segments are assembled together. To
provide protection against falling out, 1t 1s also generally
possible to use a grease which holds the sealing insert like
a glue.

With this also in mind, 1n a preferred embodiment, the
closed pocket 1s dimensioned such that its depth taken
perpendicular to the joint 1s at least 0.1 times 1ts height taken
parallel to the joint. The pocket 1s dimensioned so as to
prevent the sealing insert from rotating out of position
before the segments are assembled together. Further pre-
terred lower limits of the depth are at least 0.2, 0.3 or 0.4
times the height, and possible upper limits (independent of
the lower limits) may, for example, be at most 2, 1.5, 1 or
0.8 times the height.

In a preferred embodiment, the sealing insert 1s a sealing
plate.

The sealing insert, 1n particular the sealing plate, which 1s,
for example, a planar sealing plate, preferably seals the joint
and/or an inter-segment gap the between immediately cir-
cumierentially adjacent segments in the axial direction. In
the case of a planar sealing plate, the axial direction 1s
preferably normal to the plane of the plate or at least
substantially normal to this plane; 1.e., has a maximum
deviation of 10°, 1n particular 5°, from the exactly normal
orientation.

In a preferred embodiment, a retaining ring 1s provided on
which the segments of the segmented ring are seated and
supported radially inwardly. To this end, the retaiming ring
may extend uninterruptedly 1n the circumierential direction.
Preferably, the retaining ring 1s axially pressed 1nto a recep-
tacle 1n the segmented ring and retained by a press {it therein.
At the receptacle, the segmented ring preferably forms a
radially projecting projection behind which the retaining
ring 1s axially form-fittingly retained. The projection 1s so
dimensioned that the retaining ring can be axially pressed
into place, but 1s then secured in the axially opposite
direction. Preferably, this 1s assisted by a beveled face
(saw-tooth profile) along which the retaining ring slides as
it 1s pressed into place.

The embodiments described below relate to the orienta-
tion or extension of the abutting faces with which the
segments of the segmented ring meet 1n a respective joint.
Two immediately circumierentially adjacent segments have
complementary abutting faces at the respective joint.

In a preferred embodiment, one of each two adjacent
segments has abutting faces which are parallel to each other
and thus parallel to an insertion direction of this segment
(when viewed 1n the axial direction). Such a segment can be
inserted radially outwardly, even when the two immediately
circumierentially adjacent segments are already 1n position.
Considered with respect to the segmented ring as a whole,
the mutually parallel abutting faces are preferably oriented
in such a way they or their projections toward the opposite
side of the segmented ring frame its ring axis centrally
therebetween.

In a preferred embodiment, such a segment having mutu-
ally parallel abutting faces has a pocket with a sealing 1nsert
therein at each of the two circumierential sides. Preferably,
these two pockets are each radially outwardly open and
radially inwardly closed. Preferably, every other segment in
the circumierential direction has two mutually parallel abut-
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ting faces. Preferably, these segments are 1dentical 1n con-
struction among themselves, and the complementary seg-
ments 1nterposed therebetween are also 1dentical 1n
construction among themselves, so that the entire segmented
ring can be built using only two different types of segments.

In another preferred embodiment, the segment(s) 1s or are
mounted 1n such a way that the segmented ring can 1deally
be built from only one type of segment. To this end, one of
the segments that meet at the joint has an abutting face that
1s oblique to the radial direction there. Specifically, the
oblique abutting face forms an angle . of at least 85° and no
more than 110° with a connecting line extending diagonally
through the segment to the outer corner of the oblique
abutting face. Further preferred upper limits are no more
than 100° or 95°; turther preferred lower limits (independent
of the upper limits) are at least 88° or 90° (with increasing
preference in the respective order of mention). By suitably
limiting the angle ., the segment can be mserted even when
the immediately circumierentially adjacent segments are
already 1n their installed positions. To this end, the segment
can 1nitially be placed 1n position with 1ts opposite abutting
face and then, as 1t were, rotated into engagement with the
oblique abutting face (see FIG. 4 for 1llustration).

In a preferred embodiment, the segment 1s provided with
the radially outwardly open (and radially inwardly closed)
pocket at this oblique abutting face. As described in the
preceding paragraph, such a segment may initially be
hooked 1nto place with 1ts opposite abutting face and then
rotated 1nto 1ts installed position, during which movement
the sealing isert slides into the radially outwardly open
pocket of the segment. Preferably, all segments are 1dentical
in construction, and thus rotationally symmetric about the
ring or longitudinal axis. The handling of only one type of
segment may simplify assembly and warechousing.

The present mvention also relates to a segmented ring
assembly including a segmented ring as disclosed herein and
a mounting part, preferably a casing part. The segmented
ring 1s axially form-fittingly mounted on the mounting part,
and specifically on a form-fitting element thereof. To this
end, the individual segments are each radially outwardly
assembled with the form-fitting element. Preferably, a jacket
ring segment 1s mounted radially inwardly on the casing part
(see also the remarks made at the outset). In this connection,
the segmented ring serves for the mounting of the jacket ring
segment; the segmented ring 1s mounted on the casing part,
and the jacket ring segment then rests and 1s supported
radially inwardly thereon. This configuration may be advan-
tageous with respect to the thermal gradients (1n particular in
the casing area) and, 1n addition, allows for installation and
removal from an axially forward end.

The present invention also relates to a turbine module
having a such a segmented ring assembly, where a rotor
blade ring 1s disposed radially inwardly of the jacket ring
segment. Preferably, the segmented ring assembly 1s pro-
vided at the axially forward end of the turbine module.
During an overhaul, the modules can on the one hand be
relatively easily separated from one another; and then they
are each also accessible from an axially forward end; on the
other hand, the components that are disposed at the axially
forward end may be highly stressed and therefore require
frequent overhauling.

The present mvention also relates to the use of a turbine
module or a segmented ring or a corresponding segmented
ring assembly 1 a turbomachine, i particular 1n a jet

engine, such as, for example, a turbofan engine.

BRIEF DESCRIPTION OF THE DRAWINGS

The present mvention will now be explained 1n more
detaill with reference to an exemplary embodiment. The
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individual features may also be essential to the invention 1n
other combinations within the scope of the other indepen-

dent claims, and, as above, no distinction 1s specifically
made between different claim categories.

In the drawings,

FIG. 1 shows an axial cross-sectional view of a turbofan
engine;

FIG. 2 shows an axial cross-sectional view of an inventive
jacket ring assembly as part of the turbofan engine of FIG.
1

FIG. 3 shows a portion of a segmented ring of the
assembly of FIG. 2 1n a cross-sectional view taken perpen-
dicular to the axial direction;

FIG. 4 shows, as an alternative to FIG. 3, a further option
for the onentation of the abutting faces of the individual
segments.

DETAILED DESCRIPTION

FIG. 1 shows 1n axial section a turbomachine 1, specifi-
cally a turbofan engine. Turbomachine 1 1s functionally
divided into a compressor 1a, a combustor 15 and a turbine
1c. Both compressor 1a and turbine 1c¢ are made up of a
plurality of stages, each stage being composed of a stator
vane ring and a subsequent rotor blade ring. During opera-
tion, the rotor blade rings rotate about longitudinal axis 2 of
turbomachine 1. The intake air 1s compressed in compressor
la, and 1s then mixed and burned with jet fuel in the
downstream combustor 15. The hot gas flows through hot
gas duct 3, thereby driving the rotor blade rings that rotate
about longitudinal axis 2.

FIG. 2 shows a jacket ring assembly 20 provided as part
of a module of turbine 1c¢. It has a casing part 21 and a jacket
ring segment 22 having a seal 23, here a honeycomb seal,
disposed on the radially inmner side thereof. Jacket ring
segment 22 radially outwardly surrounds rotor blades 24.

In order to mount jacket ring segment 22 on casing part
21, a segmented ring 25 1s provided which 1s circumieren-
tially divided into a plurality of segments (see FIGS. 3 and
4). The individual segments of segmented ring 25 are
assembled from radially inside with a form-fitting element
26 of casing part 21. In the present case, form-fitting element
26 1s provided as a radially inwardly projecting web of the
casing, onto which the segments of segmented ring 25 are
slid and are then axially form-fittingly retained. Segmented
ring 25 forms a supporting seat 27 which radially inwardly
supports jacket ring segment 22 at 1ts axially forward end. A
retaiming ring 28 1s inserted to retain the segments of
segmented ring 25 radially in position. The retaining ring
extends uninterruptedly in the circumierential direction and
1s axially pressed into a receptacle 29 of segmented ring 25.
In receptacle 29, the retaining ring i1s axially form-fittingly
retained behind a projection 30.

Form-fitting element 26; 1.¢., the web of casing part 21, 1s
provided with a bore 31, which 1s optional and may be used
to supply a cooling fluid. Furthermore, the shielding plates
32 disposed radially between casing part 21 and jacket ring
segment 22 are also optional; the inventive approach could
also be implemented with an insulating material or the like
between casing part 21 and jacket ring segment 22.

FIG. 3 shows segmented ring 25 1n a cross-sectional view
taken perpendicular to longitudinal axis 2 (for the sake of
clarity without hatching), and more specifically, a portion of
segmented ring 25 including segments 335, 36. The two
immediately circumierentially adjacent segments 35, 36
meet 1n a joint 45; a sealing isert 46, namely a sealing plate,
1s provided to seal joint 45. Each of the segments 35, 36 has
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a pocket 50, 51 formed therein at joint 45 to receive the
sealing insert. (Sealing insert 46 can also be seen in the
cross-sectional view of FIG. 2).

Pocket 51 1n segment 36 1s closed both radially inwardly
and radially outwardly; sealing insert 46 i1s inserted in the
circumierential direction. In contrast, pocket 50 1n segment
35 1s closed only radially imnwardly, but open radially out-
wardly. During assembly, mnitially the segment 36 with the
sealing insert 46 1s positioned. Then, segment 35 with 1ts
mutually parallel abutting faces 35a can be inserted from
radially inside, during which movement sealing insert 46
slides into the radially outwardly open pocket 50. The
segment 35 1s symmetrical in configuration, and thus has
another radially outwardly open pocket at the other circum-
ferential end.

FIG. 4 shows segments 40 having an alternative configu-
ration to that shown in FIG. 3. In this case, the entire
segmented ring 25 can be built from only one type of
segment. To this end, an abutting face 40a of segment 40 1s
oriented obliquely to a connecting line 41 such that angle o
1s about 90°. In this case, too, at each joint 45 where two
segments 40 meet, a sealing insert 46 1s disposed in one
segment 40 1n a radially outwardly open pocket 50 and the
in other segment 40 1n a radially closed pocket 51. Sealing
insert 46 1s positioned 1n the latter, and the other segment 40
1s subsequently rotated into 1ts installed position, as 1llus-

trated 1in FIG. 4.

LIST OF REFERENCE NUMERALS

turbomachine

COIMPressor la
combustor 1b
turbine 1c
longitudinal axis 2
hot gas duct 3
jacket ring assembly 20
casing part 21
jacket ring segment 22
seal 23
rotor blades 24
segmented ring 25
form-fitting element 26
supporting seat 27
retaining ring 28
receptacle 29
projection 30
bore 31
shielding plate 32
segment 35
abutting face 35a
segment 36
abutting face 36a
segment 40
abutting face 40a
connecting line 41
joint 45
sealing insert 46
pockets 50, 51

What 1s claimed 1s:

1. A segmented ring for installation 1n a turbomachine, the

segmented ring comprising:

a first ring segments circumierentially dividing a plurality
of second ring segments that form a complete ring
when assembled with the first ring segment, considered
with respect to a ring axis of the first ring segment, the
segmented ring being adapted for installation from
radially inside the second ring segments, so that the
second ring segments are assemblable by moving radi-
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ally outwardly to form the first ring segment; wherein
the first segment and an adjacent second ring segment
of the plurality of second ring segments directly adja-
cent to the first segment meet 1n a joint;

a sealing insert 1s provided at the joint, a first pocket being
formed 1n the first segment at the joint and open toward
the joint; and a second pocket being formed in the
adjacent second ring segment provided at the joint and
open toward the joint so that the first pocket faces the
second pocket 1n the circumierential direction to form
circumierentially mutually facing first and second
pockets,

the sealing insert being disposed in the mutually facing
first and second pockets and axially retained in the
mutually facing first and second pockets and extending
circumierentially across the joint;

the first pocket being additionally also open 1n a radial
direction such that the first ring segment having the first
pocket 1s radially slidable onto the sealing insert.

2. The segmented ring as recited in claim 1 wherein the
first pocket 1s radially inwardly closed and radially out-
wardly open; and thus the first segment having the first
pocket 1s slidable from radially inside onto the sealing insert.

3. The segmented ring as recited in claim 1 wherein the
second pocket 1s closed both radially inwardly and radially
outwardly.

4. The segmented ring as recited 1n claim 3 second pocket
has a depth, taken perpendicular to the joint, at least 0.1
times 1ts height taken parallel to the joint.

5. The segmented ring as recited in claim 1 wherein the
sealing insert 1s a sealing plate or wherein the sealing 1nsert
seals the joint 1n the axial direction.

6. The segmented ring as recited i claim 1 further
comprising a retamning ring, the first ring segment and
second ring segment being seated on the retaining ring and
supported radially inwardly.

7. The segmented ring as recited in claim 1 wherein the
first segment has an abutting face at the joint and an another
abutting face at the circumierentially opposite end, and the
abutting face and the other abutting face are parallel to each
other when viewed 1n the axial direction.

8. The segmented ring as recited in claim 2 wherein the
first segment has an abutting face at the joint and an another
abutting face at the circumierentially opposite end, and the
abutting face and the other abutting face are parallel to each
other when viewed 1n the axial direction; and wherein the
radially inwardly closed and radially outwardly open pocket
1s provided in the segment having the mutually parallel
abutting faces, segment having the mutually parallel abut-
ting faces also being provided, at the circumierentially
opposite end, with an other radially mmwardly closed and
radially outwardly open pocket, another sealing insert being,
disposed 1n the other radially inwardly closed and radially
outwardly open pocket.
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9. The segmented ring as recited 1in claim 1 wherein the
first segment has an oblique abutting face at the joint, when
viewed 1n the axial direction, forming an angle o of at least
85° and no more than 110° with a connecting line extending,
between a point of intersection of the oblique abutting face
with an outer periphery of the segmented ring and a point of
intersection of an opposite abutting face of the segment with
an iner periphery of the segmented ring.

10. The segmented ring as recited 1n claim 2 wherein the
first segment has an oblique abutting face at the joint, when
viewed 1n the axial direction, forming an angle a of at least
85° and no more than 110° with a connecting line extending
between a point of intersection of the oblique abutting face
with an outer periphery of the segmented ring and a point of
intersection of an opposite abutting face of the segment with
an mner periphery of the segmented ring; and wherein the
pocket radially inwardly closed and radially outwardly open
at the joint between the two adjacent segments 1s disposed
at the oblique abutting face.

11. The segmented ring as recited in claim 1 wherein the
plurality of the second ring segments are identical 1n con-
struction.

12. A segmented ring assembly for a turbomachine com-
prising:

the segmented ring as recited in claim 1; and

a mounting part having a form-fitting element having a

radially inner projection, the segmented ring being
axially form-fittingly disposed on the mounting part to
allow the first and second the segments of the seg-
mented ring to be fit to the form-fitting element by
moving radially outwardly to be assembled with the
radially inner projection of the form-fitting element.

13. The segmented ring assembly as recited 1 claim 2
turther comprising a jacket ring segment adapted to radially
outwardly surround a rotor blade rning of the turbomachine,
wherein the mounting part on which the segmented ring 1s
axially form-fittingly mounted 1s a casing part, and wherein
the jacket rnng segment 1s mounted radially inwardly of the
casing part by the segmented ring forming a supporting seat
and the jacket ring segment being seated and supported
radially inwardly thereon with an axially forward end.

14. A turbine module comprising the segmented ring
assembly as recited 1n claim 3 and a rotor blade ring, the
rotor blade ring radially outwardly surrounded by a jacket
ring segment.

15. The turbine module as recited in claim 14 wherein the
segmented ring assembly 1s disposed at an axially forward
end of the turbine module.

16. A turbomachine comprising the segmented ring as
recited 1n claim 1.

17. A jet engine comprising the segmented ring as recited
in claim 1.
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